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Randy Udall,

e Director of Community Office for
Resource Efficiency, Aspen, CO

® Co-founder, ASPO-USA
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China was a net oil exporter until a decade
ago, but by 2030, China's oil imports may
equal American imports now.




World Oil

P 2005 will go down
S in history books as
R e perhaps the
™, poorest year for

exploration since
World War Il...”

Exploration

The oiloholics
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Energy 1s our most precious
resource, the greatest 20"
century invention. Mobility,
electricity, technology,
telecommunications,
agriculture, medicine...

Energy is the original
currency, the source of
wealth.
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Jleremy Gilbert

® Former Chief Petroleum Engineer, British
Petroleum

® Managing Director of Barrelmore Ltd.
Ireland
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Do we really appreciate our oil?

* Prices (per pint)
— Gasoline: $0.30
— Milk: $1.00
— Bottled Water: $1.50
— Orange Juice: $0.50
— Cappuccino: $15.00

» Daily Consumption (per person)
— Food 2,300 k cal
- Oil-based energy >100,000 k cal
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What a Reservoir looks like

Qil fills the pore-space between the grains of sand,
which are coated in afilm of water. The oil has toflow
through these constrictions. »
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Why is there confusion?

Oil companies reported Reserves to meet
strict Stock Exchange rules
— Designed to prevent fraudulent exaggeration
— Smiled on conservative reporting

Discoveries , revised

upwards later

— Comforting but misleading image of steady
growth

— No conspiracy - just simple commercial prudence

OPEC over-reported
e

OPEC
Reserve
Reporting
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Competing
for
Quota?

Fuwait 1864
Produced = 22 Gb
Remaining = 64
Found = 88 {~ 80)
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Reality and lllusion
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93 countries are past peak

Pre-1970 - Austria, Germany

1970s - Venezuela, Bahrain, Ukraine, Libya, USA,
Turkmenistan, Canada, Iran, Romania, Indonesia,
Trinidad, Brunei, Algeria

1980s - Tunisia, Chile, Albania, Peru, Cameroon, Brazil,
Hungary, Russia, France, Croatia, Netherlands

1990s - Turkey, Dubai, Pakistan, Paﬁua Syria, Egypt,
Gabon, Ar;i‘ﬂnhna Angnla Eharja Uzbekistan, LIK

Enlnmhl emen

2000s - Mexico, Nigena, Norway, N. Zone, Oman, India,
{r?uat;r Malaysia. Australia, Ecuador, Denmark, Congo

Meeting the Challenge

industry Outiook - Of & Gas Demand/Supply

World Demand
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1977 Internal Estimate : 125-15Gb|  Prudhoe Bay
Reported to SEC : S Gb

1989
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The Growing Gap

between Discovery and Consumption

Wildcats (x1000)




Where is it?

The Unfillable Gap?

« Demand increasing at ~3 mmbd/year
* Offtake decline (existing fields) ~ 4 mmbd/year

» So, new sources of 7 mmbd needed each year




Roger Bezdek

® President and Founder, Management
Information Services

& Expert in Energy Market Analysis and
Energy Forecasting
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We're finding much less than we’'re consuming.

40
Annual 20
Not
Billons of g
Harrels

-20
1940 Year 2000

[ The world's first forced energy transition ]
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200T-2009
Aftar 2007

Before 2010
Aftar 2010

FLIEPS

After 2020

031 ar later

When?

Mo one knows for certain

Source

Bakhitari (Iran)
Simmons [U.5.)
Skrebowski (UK |
Campbell (iretand]
Deffeyes (U.5.)
Goodsinin [U.5.)
World Energy Council
Weng (Chira)
Doug-Westwood (UK.}
CERA [L1.8.)

ElA (L8}

-

}

5 years

5-10 years

> 15 years
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LEARNING FROM U.S. NATURAL GAS

+ Experts overestimated North American natural gas
reserves & future production as late as 2001.

- National Petroleum Council - 1990
— DOE ElA - 1898
= Cambridge Energy Research Associates - 2001

+ U.S. natural gas production is now in decline,

= Natural gas & oil geology are similar.
* If wrong on natural gas, what's the risk on oil?

10
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5 per
barrel

CE INCREASES HAVE CAUSED U.S. RECESSIONS
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Over 30 years, four recessions followed oil price spikes.
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Experience: Two Oil Interruptions

Impacts of world oil production peaking are exemplified by the
1973 & 1979 oil Interruptions,
+ Recesslon

+ Inflation
+ Unemploymaent + High Interest rates

« 1973 & 1979 were relatively Drief,

+ World oil peaking impacts could last a decade or more.

The world has never faced a problem like oil peaking.

12
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CHARACERISTICS OF U.5. TRANSPORTATION FLEETS

Fleat Size Modian Cost to Replace
Lifatima Half the Fleot
(Years) (2003 §)
Automaobiles 130 million 17 $1.3 trillion
Light Trucks, 80 million 16 £1 trillion
SUVs, eic.
Heavy Trucks, 7 million 28 $1.5 trillion
Buses, elc.
Aircraft 8,500 22 $.25 trillion
15
31
MITIGATION OPTIONS

Focus; Technologles that can be implementad now for lliguid
fuels applications.....Commercial or near-commarcial

Options Considared;

» Vehicle Fuel Efficiency

# Gas-To-Liquids (GTL)

# Heavy Ol / Oll Sands

» Coal Liguefaction

# Enhanced Oil Recovery (EOR)

18
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SUM OF WEDGES
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WORLD OIL SUPPLY & DEMAND:
LOWER 48 PRODUCTION PATTERN & EXTRAPOLATED DEMAND GROWTH
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THAEE \ITIGA TION SCEMARKDS
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Why so long to mitigate?

Energy is inherently very large scale.

= It's mot computers or electronics
- No magic bullets, only poison pills

* Long time to build capacity & savings
Long lifetimes

Inherently expensive

Options not in the study may contribute locally but
will not change the overriding world problem.
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SOME ISSUES

swmmmmmm herain.

Massive commercial crash programs are rare. Startup will
almost certainly be much siower than assumed in this
analysis.

Some countries may delay, others will procead rapidly with
mitigation. China may have started (Canada, Venezuela).

It is not clear how environmental prolection will fare if there is
widespread joblessness, high inflation & severe recession.
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LOOK AGAIN AT THE SHORTFALL

4
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PRES. BUSH: "REDUCE OIL IMPORT DEPENDENCE"
FIRST THING TO DO: STOP DIGGING!

million barrela per day
o

FFFS LSS
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THREE POLICY RECOMMENDATIONS

1. The federal government should increase vehicle fuel efficiency

standards and initiate substitute liquid fuels mitigation options.

2. State and local governments should encourage smart growth,
lelecommuling, mass transil, and other transportation fuel
efficlency options and facilitate and expedite the siting of
substitute liquid fuels plants.

3. All levels of governmen! should educate the public o the fact
that we face a serous liquid fuels problem that will require
controversial and unpopular measures to reduce demand and
Increase supply.

40




waling Fulure

Julian Darley

® Author, High Noon for Natural Gas

® Founder, Global Public Media and Post
Carbon Institute
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Energy Hunger

« US Gas Consumption

— Natural Gas ~ 50 - 60 billion cubic feet per
day (~22 Tcflyr)
+ US imports 15-17%
= Most from Canada + 2% LNG

- Oil >21 million barrels per day (7bnbl/yr)
+ US imports ~60%, nsing to 70-80% by 20257

« World consumption
— Oil ~84 mb/d (=31 bnbl/yr)
— Natural gas ~ 200 bcf/d (~80 Tcfiyr)
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Lntical Issue
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The Decline of US Gas
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Canadian Gas Production
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LNG Tankers
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World Natural Gas Reserves
by Region (as of Jan 1, 2003)
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World Gas Production Peak?
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Mike Pacheco

® Director of the National Bioenergy Center
(NREL)

® Responsible for coordinating bioenergy
research activities
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Presented at the
Southern California Energy Conference

March 10, 2008

Dr. Michael A. Pacheco
Director, National Bioenergy Center
National Renewable Energy Laboratory




The Role of Renewables in the
U.S. Energy Supply - 2003

Salar 1%

Muclkear 8% . - Geothermal 5%

Wind 2%

Hydroslectre 4E%
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Technology-based Solutions:
There is no single nor simple answer

Energy efficiency
» Renewable energy
«  MNon-poliuting transportation fuels
» Separation and capture of CO, from fossil fuels
= Next generation of nuclear fission and fusion technology

= Transition to smar, resilient, distnbuted energy systems coupled
with pollution-free energy camiers, e.g. hydrogen and electricity

NREL FY 2005 Program Portfolio

$201.9 Million

Facdity &
Other DOE - 58.8M frastuchre -
WED 514 60 Weatetiraton -§3 TM

Basic Scignce -
§7.8M —
FEMP-§32M — =w"'"m'
IH‘.H-..!'
Buiidings - §14 6M 52 7M
S
Distrisuted Energy
and Bty Boenargy -
Reliabiity - S54M  ST500%" " progionCaR  Wind-S247M  S208M
and Vshicies -
$18T™
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Biomass/Biofuels Status

Biopower
Grid-connected capacity
— G700 MW direct combustion
- 400 MW co-firing
Biopower electricity prices
generally range from 8-12¢/kWh
Biofuels
» Biodiesel -
- 75 million gallons (2005)
+ Com ethanal -
- 81 commércial plants
— 4.3 billion gallons (2005)
- =51.20/gal
*  Cellulosic ethanol (net commercial)
- Est. 52 - $3 igal

| e R [

U.S. Ethanol Production

Actual and Projected U.S. Ethanol Production 1998-2012
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» Renowable Fusls Standard mandaies 7.5 bilion gallons by 2012
* Total US gasoline market =140 billlon annual gallons
L
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Required Growth of Cellulosic Ethanol to
Supply 30% of U.S. Gasoline Demand by 2030

Energy Efficiency and Renewable
Energy Technologies Can Drive

NREL is a partner in the developing cost-effective
renewable resources to support growth of
renewable energy industries




